INTRODUCTION
Limited subsurface data and detailed reservoir characterization make the initial design of EOR projects problematic. Unexpected reservoir heterogeneities influence the spatial distribution of waterfloods and CO 2 injections. Monitoring both the temporal and spatial variability of an EOR project is necessary to inform adjustments in the placement of injecting and producing wells in order to optimize recovery. The use of Time-Lapse and Multicomponent seismic to monitor an EOR project at Weyburn Field has proven to be an effective method for monitoring changes in the physical characteristics of the reservoir and the distribution of a CO 2 flood. The goal of this paper is to analyze the sweep efficiency of the EOR plan at Weyburn Field using 3-D P-wave Time-Lapse and Multicomponent seismic data. (Royer, 2004) .
This study utilizes a 3-D baseline survey taken in 2000 and a second 3-D monitoring survey acquired in 2002 for P-wave Time-Lapse analysis. Through the examination of RMS amplitude differences between the 2000 and 2002 surveys, we are able to detect spatial distribution of the CO 2 flood . This study also utilizes S-wave data acquired in 2000 to characterize velocity anisotropies within the Midale Reservoir. These velocity anisotropies are detected through differences in S1 and S2 velocities and are attributed to fracture trends within the reservoir.
TIME-LAPSE ANALYSIS OF THE MIDALE BEDS
Five main horizons have been picked on the 2000 and 2002 Pwave data (Bunge, 2000) . These five horizons displayed on the 2000 P-wave data are shown in Figure 3 . We are particularly interested in the Mississippian unconformity and the Bakken horizon because they define the two reservoirs we want to characterize. The compressional wave seismic is shown in Figure  3 . The reflectors are flat, the bandwidth frequency is high (up to 150 Hz were recovered on the high end), and there are no major structural events. RMS amplitude maps have been generated for different intervals below the Mississippian unconformity, the goal being to characterize the CO 2 flow in the survey area. The presence of CO 2 in the formation changes the properties of the rocks. CO 2 has unique properties: it is a very dense and very compressible fluid. Its presence is detected by the variation of the seismic amplitude response before and after CO 2 injection. Time-Lapse maps showing the evolution of the P-wave RMS amplitude between 2000 and 2002 as a percentage of the 2000 RMS amplitude have been generated using Equation 1 (Terrell et al., 2002) .
(1) Figure 4 shows a difference on the order of 14% along the injection wells at a 2 ms time window below the Mississippian unconformity. The CO 2 did flow in the Midale Beds and the direction of its flow is parallel to the injection well. We can also notice that the flow along the southern well is more pronounced that the northern one.
The following step is to break the Midale into 2 ms intervals (it is the smallest resolution supported by the quality of our picked horizons) in order to monitor the depth of diffusion of the CO 2 in the formation. Figures 4 and 5 show that the CO 2 is present in the Midale beds up to 11 ms below the Mississippian unconformity. The CO 2 did propagate along the injection wells. This is a proof of a high permeability matrix in the Midale Beds having a SW-NE orientation.
Just below the 13-15 ms interval below the Mississippian unconformity, the RMS amplitude difference drops to zero. No CO 2 is present in this area. This corresponds to the Frobisher Evaporites (Figure 2 ). The Frobisher Beds are quite thick in time, and the RMS amplitude difference remains null on a 30 ms interval. The RMS amplitude difference remains equal to zero from 15 ms to 45 ms below the Mississippian unconformity. Figure 6 shows a 3 ms interval where the RMS amplitude difference is zero. The common wisdom would have been to state that the CO 2 did not flow deeper in the formation because it was sealed by the Frobisher Formation. The Midale Reservoir seems to be characterized by low to medium RMS amplitudes except on the northwestern part of the survey area where very high amplitudes are present (Figure 8) . In fact those high amplitudes are related to shoals and the very low amplitudes to evaporite. Hence, the CO 2 could not have escaped where the evaporite is present, and did only escape though the shoals fractures to the northwest. This is the only part where shoals are present in important proportions and this is where the CO 2 escaped. This small 5 ms interval where the CO2 is confined is probably the Kisbey Sandstone (Figure 2 ) sealed upward by the Winlaw Evaporite of the Frobisher Beds and downward by the Gainsborough Evaporite of the Alida Beds. The comparison between the RMS amplitude map the Midale Beds (Figure 8 ) and the Time-Lapse map for the 45-50 ms interval below the Mississippian unconformity corresponding to the Kisbey Sandstone where the CO 2 has escaped through the shoals fracture (Figure 7) , shows that these two maps match well and proves the theory of the CO 2 escaping downward through fractures. 
MULICOMPONENT SEISMIC ANALYSIS OF THE MI-DALE RESERVOIR
After having monitored the CO 2 flow, our next step is to characterize the fracture orientation in the reservoir. To achieve this goal, we will study the anisotropy computed from the shear wave data shot in 2000 (Bellefleur et al., 2003) . Figure 9 shows the S 1 and the S 2 wave as recorded from the 2000 survey. We are interested in two horizons: the Shaunavon horizon which is located 270 ms above the Midale reservoir and which lights up nicely on the shear seismic gather and the Bakken horizon. Our first step will be to use these two horizons to try to find a general anisotropy trend for the whole formation. This is done by subtracting the time difference between the Bakken and the Shaunavon horizons in S 1 from S 2 and by normalizing it by the time difference between these two horizons for S 2 . Equation 2 is the general equation used for the computation of the anisotropy shown in Figure 10 . The practical computation is made using Equation 3.
Where B S1 is the Bakken horizon on S 1 shear wave, B S2 is the Bakken horizon on S 2 shear wave, S S1 is the Shaunavon horizon on S 1 shear wave, and S S2 is the Shaunavon horizon on S 2 shear wave.
The very high amplitude differences seen on the edges of the map are due to edge effects. The shear wave data being very noisy, specially on the edges of the survey, an accurate horizon picking in these areas is very hard to achieve. It seems that there are two sets of anisotropy orientation in the whole Shaunavon-Bakken section: one set has a SW-NE direction and is parallel to the injection wells and another set seems to have a SE-NW direction and is perpendicular to the injection wells . The anisotropy is as high as 3.5% in some areas on the whole section. The anisotropy is directly related to the fractures. We have hence two general sets of fractures oriented perpendicularly. The set of fractures perpendicular to the injection wells explains what has been seen on Time-Lapse maps: the CO 2 moving along the injection wells.
Another computation of the anisotropy is based on the RMS amplitude difference between S 1 and S 2 . This technique gives us a better understanding of the anisotropy in the Midale reservoir. Equation 4 shows how the anisotropy is computed and the result of the computation is displayed in Figure 11 .
Where RMS S1 is the RMS amplitude computed on S 1 shear wave data in the reservoir interval (between 270 and 320 ms below the Shaunavon horizon) and RMS S2 is the RMS amplitude computed on S 2 shear wave data in the reservoir interval (between 270 and 320 ms below the Shaunavon horizon).
From Figure 11 , it is clear that there is a general anisotropy trend, and hence a general set of fractures having a SW-NE orientation parallel to the injection wells.The CO 2 used these fractures to migrate along the wells. Unfortunately as we have seen in the previous section, the CO 2 did not stay where we initially planned for it to stay, which is in the Midale formation, in order to enhance the hydrocarbon recovery, but did escape to a lower formation. The position of some of the injection wells should be reconsidered but certainly not their direction which is optimal for the CO 2 flooding.
CONCLUSION
Time-Lapse monitoring showed that the CO 2 injected moved along the injection wells in the Midale reservoir. Shear wave analysis showed that the fracture trend in the Midale was parallel to the injection wells, which explained the movement of the CO 2 in that same direction. Further investigation and time splitting of the intervals below the Midale Beds followed by Time-Lapse analysis showed that the CO 2 escaped downward from the Midale Beds through fractures in the shoals and was trapped in the Kisbey Sandstone sealed upward by the Winlaw Evaporite of the Frobisher Beds and downward by the Gainsborough Evaporite of the Alida Beds. The direction of the injection wells is ideal (parallel to the fracture set), but the location of the wells has to be chosen more carefully in order to avoid CO 2 losses.
